Background The changes in Russian mortality rates during the last two decades are unprecedented in a modern industrialized country. Although these fluctuations have attracted much interest, trends for major groups of causes of death have been analysed while trends in specific causes of death might shed light on the underlying determinants.
Introduction
Mortality rates in Russian middle-aged men were among the highest in the world in the late 1980s. 1 In addition, sharp increases in mortality rates have occurred during 1991-94, 2 which was followed by a steep decline between 1994 and 1998, with a new increase emerging between 1998 and 2001. 2, 3 More recent data have not been published. It has been estimated that the increase in mortality during the period 1991-2001 has led to 2.5-3 million extra deaths in young and middle-aged Russians. 3 Evidence has accumulated that alcohol consumption is the main determinant of Russian mortality patterns. 2, [4] [5] [6] [7] Other proposed explanations include societal factors, linked to general economic and social uncertainty. 8 However, these two hypotheses are complementary, as alcohol consumption patterns, most likely, correlate with societal factors.
Although the fluctuations in Russian mortality during the last two decades have attracted much interest, only trends for major groups of causes of death have been analysed. Here we examine in detail the disease-specific rates and trends for the period 1991-2006 and, in particular for the period 1998-2006. We also analysed the cause of death and the level of ethanol in blood in 24 836 decedents who underwent forensic autopsy.
Materials and methods
The data were obtained from the State Statistics Committee and include numbers of deaths by cause, sex, 5-year age group and calendar year together with corresponding population denominators. The disease categories in classifications used in Russia before and after 1999 closely correspond to ICD-9 9 and ICD-10 10 codes and are comparable (Table A1) . 3 All death rates were standardized for age according to the World Standard population. (Table A2 ).
All consecutive records of 24 836 forensic autopsies carried out during 1990-2004 in Barnaul were retrieved from the local department of Forensic Medicine and data on cause of death and concentration of ethanol in blood were abstracted. Barnaul is a city with a population of about 600 000 and mortality rates and trends close to the Russian average. 3 As a rule forensic autopsy is performed when ' criminal offence is suspected, or when deaths occur outside hospital and when the cause of death is unclear and cannot be determined by observation or external examination.
During 1991-2004 the autopsy rate in Barnaul was 39% for men and 24% for women. More than 80% of decedents from external causes and 36% of men and 20% of women, who died from vascular diseases underwent autopsy. The autopsy rate was high among young adults who died from vascular diseases. It was lower in middle-aged adults and low in old adults (Table A3) . Table 1) .
Results

Out
Overall, mortality trends in this age group were driven by external causes. In men the sharpest increase was observed for suicides. There were also substantial increases in mortality from poisoning by alcohol, transport accidents and homicides. These increases were followed by a steep decline. The increase in the death rates from circulatory diseases was mainly due to 'other forms' of acute and chronic ischaemia, as well as of atherosclerotic heart disease, while mortality from myocardial infarction slightly declined. A marked increase in death rates has occurred for pneumonia, tuberculosis, alcoholic liver disease and cirrhosis (Supplementary Table 1 ).
Mortality trends in middle-aged adults (35-69 years)
The overall mortality rate increased between 1998 and 2003 by 28% and 21% in men and women, respectively. In 2003 a small downturn in rates has began to appear. The main determinants of trends were diseases of the circulatory system (Supplementary Table 1 , Figure 1 ). The increase and subsequent decrease in mortality from circulatory diseases was predominantly due to 'other forms' of acute and chronic ischaemia, atherosclerotic heart disease and cerebrovascular disease. Death rates from myocardial infarction remained relatively constant since 1998 (Supplementary Table 1, Figure 2 ).
The increase in mortality from external causes, which started in 1998, continued until 2002. After 2002 a small decline was observed for both sexes. The sharpest fluctuation occurred for poisoning from alcohol suicides, pneumonia, tuberculosis, alcoholic liver disease and liver cirrhosis (Supplementary Table 1 ).
Since the early 1990s a downturn has been observed in the trend for cancer mortality especially for lung and stomach cancer (Supplementary Table 1 ).
Blood alcohol levels in forensic autopsies
We analysed records for 22 658 forensic autopsies of adults above 15 years old at death, performed in Barnaul during 1990-2004 and whose blood was tested for ethanol (Table 1) . Among 5732 autopsied men in the aged 35-69 years who were reported to have died from circulatory diseases, 2781 (49%) had ethanol detected in their blood. In 14% blood concentration of ethanol was 4 g/l or more and 5 g/l or more in 7%. Among 1928 autopsied women of the same age, whose deaths were attributed to one of the circulatory diseases, 834 (43%) had ethanol detected in their blood; in 13% the concentration was 4 g/l or more and 5 g/l or more in 6%. These proportions were particularly high among those whose death was attributed to other forms of acute ischaemia, acute ischaemia, unspecified, atherosclerotic heart disease and sudden cardiac death. The proportion of autopsies with ethanol detected was low among those dying from myocardial infarction.
Of 5880 autopsied men aged 35-69 years, whose blood was tested and who were reported to have died from external causes 76% had ethanol detected in their blood. In 25% of them ethanol concentration was 4.0 g/l or more and in 13% it was 5.0 g/l or more. Among the corresponding 1804 autopsied women tested for ethanol who died from external causes 65% had ethanol detected in their blood. In 24% the concentration was 4.0 g/l or more and in 12% it was 5.0 g/l or more. Eighty-one per cent of middle-aged men and women who died from alcohol poisoning had ethanol concentration of 4 g/l or more, and about 50% had 5 g/l or more.
A similar pattern was observed among young adults and in individuals aged 70 years or more, although results were less stable because of small numbers.
Discussion
The contribution of major groups of causes of death to the increase in Russian mortality in 1998-2003 was similar to that observed in 1991-94, with diseases of the circulatory system and external causes explaining a large proportion of these trends. 2, 3 The trends were similar in all administrative regions of Russia. The mortality rates and trends in Siberia, where Barnaul is situated, are very close to average Russian rates. 3 Increases in mortality rates coincided with economic crisis in Russia, while the decreases in 1994-98 and 2003-06 correlate with improvements in the economic situation. 12, 13 There is strong evidence of a key role of alcohol consumption in explaining a large part of these trends. Recently, evidence has emerged that the trends may have been influenced by consumption of alcohol products not intended for consumption. 7, 13 The trends in mortality for young adults are sensitive to the population estimates used. In 2002 the rates for women based on the 2002 census are 4-5% lower than the rates based on the 1989 census (Table A2 ). The population estimates before the 2002 census did not included migrants, while deaths among migrants were included in mortality figures, and it was suggested The most important advantage of our mortality time-trend study is that we examined trends in specific subcategories of ischaemic heart disease, while in all previous studies only trends in aggregated ischaemic heart diseases were studied. We have shown that fluctuations in the death rates from vascular diseases were due to changes in mortality from 'other forms' of acute and chronic ischaemia, and atherosclerotic heart disease. Death rates from myocardial infarction did not follow the fluctuations observed for total mortality. Furthermore, in Russia the proportion of deaths from myocardial infarction among all deaths from cardiovascular disease is lower than in Western countries (men: 6% vs 20-35%; women: 4% vs 15-30%), 15 while the proportion of deaths from other forms of acute or chronic ischaemia and atherosclerotic heart disease is higher. Such 'other' and 'unspecified' circulatory causes of death represent more than 50% of all deaths from circulatory diseases in Russia. These observations led us to conclude that the rates for the subcategories of ischaemic heart disease, other than myocardial infarction, are overestimated and that some of these deaths are probably caused by alcohol poisoning. This prompted our decision to carry out the autopsy study.
The results of the analysis of the forensic autopsies support the hypothesis that alcohol poisoning may play a more important role in mortality in Russia than that suggested by the analysis of death certificates. We have found lethal or potentially lethal blood concentrations of ethanol in an exceptionally high proportion of autopsies for those whose death was attributed to 'other' or 'unspecified' vascular diseases, suggesting that these deaths occurred from alcohol poisoning rather than from vascular disease.
Deaths due to the toxic effects of acute overingestion of alcohol usually involve blood ethanol concentrations of 0.35% and higher. However, a nontolerant individual may die from a blood ethanol level as low as 0.20-0.30%. 16 According to Russian classification ethanol concentration in blood ranging from 3 to 5 g/l causes heavy alcohol intoxication, coma and is potentially lethal. An ethanol concentration of 5 g/l or more is absolutely lethal. 17 However it is not realistic to firmly establish a criterion for lethal concentration of ethanol in blood (and hence death definitely due to alcohol poisoning). A conservative criterion, which we propose, is 4 g/l or more, although for some people lesser concentrations would be lethal. This provides a reasonable trade-off, which will allow avoiding extreme over-and underestimation of death caused by alcohol poisoning.
The rate of forensic autopsies in Barnaul was quite high at the time of our study. Nevertheless, the results of our autopsy study, though impressive in terms of numbers, could not be extrapolated to Russia as a whole. However our observations could help in the design and interpretation of future epidemiological studies. We have pointed out, that the results of blood testing, showing potentially lethal or lethal concentrations of ethanol, do not result in a re-classification of the cause of death.
Similar results are reported in a smaller study from Kursk. 18 The results of a recent autopsy study which has shown that none of 89 deaths from cardiovascular diseases had alcohol levels above 4 g/l, may be explained by a very small sample size. 19 It was hypothesized, that an increase in alcohol consumption in Russia caused the increase in mortality from diseases of the circulatory system. 2, [4] [5] [6] [7] 19 A cohort study from Moscow which reported an increase in the risk of death from vascular diseases associated with alcohol consumption, was based on official death certificates, which we have described as potentially erroneous. 20 The author of another study from Novosibirsk analysed the association of alcohol consumption with mortality from aggregated ischaemic heart diseases, but not from subcategories of this 'broad' group of cause, such as myocardial infarction, other forms of acute and chronic ischaemia, atherosclerotic heart disease. 21 The decline in mortality from cancer, especially from lung cancer, could also be partly explained by the under-diagnosis and under-reporting of deaths from this cause. An additional explanation of this observation in men is the gradual decline in the levels of tar in Russian cigarettes, which started in the late 1980s. It has been suggested that the decline in lung cancer followed a path determined by changes in rates of smoking in the post-war period, and is expected to begin to rise again in the first decade of the 21st century. 22 However we now see that the decrease in mortality from lung cancer has continued in 2005 and 2006.
In our autopsy series the proportion of autopsies with lethal blood concentrations of ethanol was very high among those whose deaths were attributed to an external cause. Questions arise as to the actual cause of death in theses cases. For example, where the cause was attributed to freezing, did the person die from alcohol poisoning and was subsequently found in a frozen state, or did they freeze to death in a state of heavy alcohol intoxication? Similarly, was the person killed by alcohol and subsequently found in a fire, or were they burned to death in an intoxicated state? Either way, many deaths from external causes would probably not have occurred if the persons concerned had not been drunk.
Our analysis of cause-specific patterns and trends in Russian mortality has suggested that a substantial proportion of deaths from 'vaguely' defined causes coded as diseases of the circulatory system were in fact due to poisoning by alcohol. In addition, alcohol poisoning, is most probably an actual cause of death for an appreciable proportion of deaths from external causes. Thus, alcohol plays a far more important role in Russian mortality than can be judged from the mortality statistics alone.
Supplementary Data
Supplementary data are available at IJE online.
KEY MESSAGES
Diseases of circulatory system and external causes are the main contributors of the increases in mortality observed among Russian men since 1991.
Among cardiovascular diseases, fluctuations were due to 'other forms' of acute and chronic ischaemia, and to atherosclerotic heart disease, while rates of myocardial infarction were low and relatively constant.
In a large autopsy series a very high proportion of decedents whose death was attributed to 'other' or 'not classified' cardiovascular diseases had lethal or potentially lethal concentrations of ethanol in blood.
Excessive alcohol intake is a major cause of male Russian mortality, although many deaths from this cause are wrongly attributed to diseases of circulatory system. 
